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SUBTRACTIVE PRIMITIVES USED IN 
PATTERN MATCHING 

RELATED APPLICATIONS 

This application is a continuation in part of US. appli 
cation Ser. No. 10/666,243, entitled “SUBTRACTIVE 
PRIMITIVES USED IN PATTERN MATCHING,” ?led on 
Sep. 22, 2003 now abandoned, which is herein incorporated 
by reference in its entirety. 

BACKGROUND OF INVENTION 

1. Field of Invention 
This invention relates to the ?eld of machine vision and 

more precisely to pattern matching. 
2. Discussion of Related Art 
When using present pattern matching techniques, there 

are situations where it is possible to incorrectly select a 
match for a model in a target image among a set of 
occurrences. Examples of such situations are illustrated 
below. 

FIGS. 3a, 1a, 1b and 10 together illustrate an example 
where more than one occurrence of a model is detected in a 

target image when using prior art techniques. Referring to 
FIG. 3a, the model is de?ned by a set of primitives 16, as in 
methods known in the art. For the purposes of this descrip 
tion, the foregoing primitives will be referred to herein as 
additive primitives. The dotted lines around the model 
primitives 16 are illustrative only and indicate that a blank 
space to the left of the model primitives 16 is being sought. 
However, this blank space is not de?ned in the model. 

In the target image, the likelihood of a match at a given 
location is measured using a similarity score, which com 
putes the proportion of model primitives appearing at this 
location. In the situation illustrated in FIGS. 1a, 1b and 1c, 
the three located occurrences 12, 18 and 24 yield identical 
similarity scores of 100%. 
The skilled addressee will appreciate the limitations of 

this prior art technique in the case where a particular 
occurrence of the model is sought; in the present example, 
an occurrence neighbored on the left by a blank space is 
desired and this condition is satis?ed only by occurrence 12 
in the illustrated target image. This is a serious drawback for 
many applications. 

FIGS. 3b, 2a, 2b and 20 together illustrate another 
example where more than one occurrence of a model is 
detected in a target image when using prior art techniques. 
Referring to FIG. 3b, the new model is de?ned as previously 
by a set of additive primitives 28. The dotted lines around 
the model primitives 28 are illustrative only and indicate that 
a blank space to the right of the model primitives 28 is 
sought; again, this wish is not de?ned in the model. 

In the situation illustrated in FIGS. 2a, 2b and 20, three 
occurrences 32, 36 and 40 of the model are located in the 
target image with the similarity scores shown. In FIG. 2a, a 
similarity score of, for example, 100% is computed. In 
FIGS. 2b and 2c, occurrences 36 and 40 produce identical 
scores of, for example, 85% since the vertical edge of the 
model is missing in occurrences 36 and 40. 

The skilled addressee will appreciate that, if a threshold of 
say 70% is used for a positive match, all three occurrences 
32, 36 and 40 would be considered matches for the model, 
while only occurrence 32 satis?es the above-identi?ed wish. 
It will be appreciated that this is a serious disadvantage. 

There is therefore a need in the industry for a method that 
will overcome the above-identi?ed drawbacks. 
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2 
SUMMARY OF INVENTION 

It is an object of the invention to provide a method for 
recognizing an object in a target image using a model 
de?ned by additive and subtractive model primitives. 

According to a ?rst aspect of the invention, there is 
provided a method for recognizing an object in a target 
image using model primitives comprising additive and sub 
tractive primitives. The method comprises assigning weights 
to the additive and subtractive primitives and deriving a 
target primitive for the object. The method also comprises 
determining associations between the target primitive and 
the model primitives. Finally, the method comprises com 
puting a similarity score for the target primitive with respect 
to the model primitives, by increasing the similarity score 
for each one of the associations between the target primitive 
and the additive primitive, and by decreasing the similarity 
score for each one of the associations between the target 
primitive and the subtractive primitive, wherein the weights 
determine an amount by which the similarity score is 
increased or decreased for each of said associations. 

According to another aspect of the invention, there is 
provided a computer-readable storage medium on which are 
stored instructions to be executed by a processing unit to 
carry out the foregoing method of object recognition. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings, are not intended to be 
drawn to scale. In the drawings, each identical or nearly 
identical component that is illustrated in various ?gures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every drawing. In the 
drawings: 

Further features and advantages of the present invention 
will become apparent from the following detailed descrip 
tion, taken in combination with the appended drawings, in 
which: 

FIGS. 1a, 1b and 1c are schematics showing an example 
where more than one occurrence of a model is detected in a 

target image when using prior art techniques; 
FIGS. 2a, 2b and 2c are schematics showing another 

example where more than one occurrence of a model is 
detected in a target image when using prior art techniques; 

FIGS. 3a and 3b are schematics showing the models for 
the examples illustrated in FIGS. 1a, 1b, and 1c and FIGS. 
2a, 2b, and 20 respectively. 

FIG. 4 is a ?owchart of a method for pattern matching in 
accordance with a preferred embodiment of the invention; 

FIG. 5 is a ?owchart showing in more detail the detection 
step of FIG. 4; 

FIG. 6 is a ?owchart showing in more detail the similarity 
score computation step of FIG. 5; 

FIG. 7 is a schematic showing an example of a model 
comprising additive primitives and subtractive primitives in 
accordance with an embodiment of the invention; 

FIGS. 8a, 8b, and 8c are schematics showing an example 
where the additive and subtractive primitives are used in 
pattern matching in accordance with an embodiment of the 
method of the present invention; 

FIG. 9 is a schematic showing another example of a 
model comprising additive primitives and subtractive primi 
tives in accordance with an embodiment of the invention; 
and 
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FIGS. 10a, 10b, and 100 are schematics showing another 
example Where the additive and subtractive primitives are 
used in pattern matching in accordance With an embodiment 
of the present invention. 

FIGS. 11a, 11b, 11c, and 11d are schematics showing the 
use of additive and subtractive primitives in the context of 
optical character recognition in accordance With an embodi 
ment of the present invention. 

FIGS. 12a and 12b are schematics shoWing the use of 
additive and subtractive primitives in the context of an 
orientation ambiguity in accordance With an embodiment of 
the present invention. 

FIGS. 13a, 13b, and 130 are schematics shoWing the use 
of additive and subtractive primitives in the context of a 
scale ambiguity in accordance With an embodiment of the 
present invention. 

FIGS. 14a, 14b, 14c, and 14d are schematics shoWing an 
example of Weighted additive and subtractive primitives in 
accordance With an embodiment of the present invention. 

It Will be noted that throughout the appended draWings, 
like features are identi?ed by like reference numerals. 

DETAILED DESCRIPTION 

This invention is not limited in its application to the 
details of construction and the arrangement of components 
set forth in the folloWing description or illustrated in the 
draWings. The invention is capable of other embodiments 
and of being practiced or of being carried out in various 
Ways. Also, the phraseology and terminology used herein is 
for the purpose of description and should not be regarded as 
limiting. The use of “including,” “comprising,” or “having,” 
“containing,” “involving,” and variations thereof herein, is 
meant to encompass the items listed thereafter and equiva 
lents thereof as Well as additional items. 
NoW referring to FIG. 4, there is shoWn the principal steps 

of the pattern recognition process in accordance With a 
preferred embodiment of the invention. According to step 
62, a plurality of model primitives is acquired to de?ne the 
model. Examples of primitives include straight line seg 
ments, curve line segments, points, and edge elements, 
commonly knoWn as edgels. The plurality of model primi 
tives comprises at least one additive primitive and at least 
one subtractive primitive. In a preferred embodiment, the 
plurality of model primitives comprises a plurality of addi 
tive primitives and a plurality of subtractive primitives. 
Examples of hoW the additive and subtractive primitives are 
used are discussed beloW. In an embodiment of the inven 
tion, additive and subtractive primitives are stored in 
memory (not shoWn). 

In a preferred embodiment, the subtractive primitives are 
determined based on the expected false matches for a given 
application (eg by the user). 

According to step 64, a target image is acquired by an 
image acquisition device (eg gray scale digital camera, 
electromagnetic or ultra-sonic imaging system, etc.). 

According to step 66, an occurrence of the model is 
detected in the acquired target image using the additive and 
subtractive model primitives. 
NoW referring to FIG. 5, there is shoWn in more detail 

hoW the detection step 66 is performed. According to step 
70, at least one target primitive is derived from the target 
image; the target primitives are derived according to meth 
ods knoWn in the art. In a preferred embodiment, a plurality 
of target primitives are derived from the target image. 
According to step 72, associations betWeen the derived 
target primitive (in a preferred embodiment, the target 
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4 
primitives) and the additive and subtractive model primi 
tives are determined. According to step 74, a similarity score 
is computed using the previously determined associations. 

In one embodiment of the invention, steps 70, 72 and 74 
(and step 62 or FIG. 4) are performed according to a 
geometric hashing technique Well knoWn in the art, such as 
a typical geometric hashing method (as described in Y. C. 
Hecker and R. M. Bolle, On Geometric Hashing and the 
Generalized Hough Transform, IEEE Transactions on Sys 
tems, Man, and Cybernetics, Vol. 24, No. 9, September 
1994, for example) or an improved geometric hashing 
method such as described in patent application Ser. No. 
09/978,000 entitled “Geometric Hashing Method for Model 
Based Recognition of an Object” and assigned to the 
assignee of the present invention. In an alternative embodi 
ment of the invention, steps 70, 72 and 74 (and step 62 or 
FIG. 4) are performed according to a generaliZed Hough 
transform technique also Well knoWn in the art (as described 
in Y. C. Hecker and R. M. Bolle, On Geometric Hashing and 
the GeneraliZed Hough Transform, IEEE Transactions on 
Systems, Man, and Cybernetics, Vol. 24, No. 9, September 
1994, for example). In the geometric hashing embodiment, 
a hash table is used to store the model primitives. In the 

generaliZed Hough transform embodiment, an R-table is 
used to store the model primitives. 

In yet another preferred embodiment, a position of the 
object in the target image is provided. In this embodiment, 
the additive model primitive and the subtractive model 
primitive comprise additive model edge elements and sub 
tractive model edge elements respectively; also, the target 
primitive comprises target edge elements. In this embodi 
ment, the association step 72 includes satisfying a neigh 
boring condition betWeen the target edge elements and either 
of the additive or subtractive model edge elements. 

It Will be appreciated that, in an embodiment of the 
invention, associations betWeen target primitives and addi 
tive primitives contribute to increase the similarity score, 
While associations betWeen target primitives and subtractive 
primitives contribute to decrease the similarity score. 

NoW referring to FIG. 6, there is shoWn in more detail 
hoW the similarity score computation step 74 is performed. 

According to step 76, an initialization of the similarity 
score is performed. According to step 78, one of the previ 
ously determined associations is selected. According to step 
80, a check is performed to determine Whether or not the 
selected association is an association of a target primitive 
With an additive primitive. If so, the similarity score is 
increased (step 82). If not, the similarity score is decreased 
(step 84). 

In a preferred embodiment of the invention the similarity 
score is computed as folloWs: 

§ EPositiveAssociated_§ ENegativeAssociated Similarityfscore: 
N Positive 

a 

Where EPOSl-n-veAssocl-aled is an association With an additive 
pnm1t1ve, ENega?veAssociated is an association With a subtrac 
tive primitive, and NP is the total number of additive 
primitives. 

ositive 
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The score may also be expressed in this fashion: 

. . . NAdditiveAssociated — ESubtractiveAssociated 

S1m1lar1tyiscore= i, 
NAdditive 

Where N A ddl-n-ve Associated is the number of associations 
between a target primitive and an additive model primitive, 
NSMbtmm-veAssocl-ated is the number of associations betWeen a 
target primitive and a subtractive model primitive, and 
N A ddl-n-ve is the total number of additive model primitives. 

Also, it Will be appreciated that Weights may be assigned 
to the model primitives (additive or subtractive) When 
computing the similarity score. As skilled addressees Will 
understand, the addition of Weights to model primitives 
affects (positively or negatively) the similarity score by 
putting emphasis on more important features of a model. 

In a preferred embodiment of the invention employing 
Weights, the similarity score is computed as folloWs: 

SubtracitiveAssociated 

Additive 

E W; — 
. . . AdditiveAssociated S1m1lantyiscore= a 

Where 

AdditiveAssociated 

is the sum of the Weights of all additive model primitives 
that have been associated With a target primitive, 

SubtracitiveAssociated 

is the sum of the Weights of all subtractive model primitives 
that have been associated With a target primitive, and 

Additive 

is the sum of the Weights of all additive model primitives. 
Someone skilled in the art Will appreciate that the simi 

larity score may be computed according to various other 
formulas. 

According to step 86, a check is performed to determine 
if all associations have been considered in the calculation of 
the score. If there is an association left, the process returns 
to step 78 and selects an association that has not yet been 
considered. If there are no associations left, the computed 
similarity score is provided (step 88) and the process ends. 
As described previously, steps 70, 72 and 74 are prefer 

ably performed according to a geometric hashing technique 
or a generaliZed Hough transform technique, both Well 
knoWn in the art. Both the geometric hashing and general 
iZed Hough transform techniques detect occurrences of a 
model in a target image using a “voting” process. More 
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6 
speci?cally, an association betWeen a target primitive and a 
model primitive results in the incrementing of a counter 
(vote accumulator) for a reference parameter indicative of a 
geometric transformation betWeen the model primitives and 
the target primitives. 
A person skilled in the art Will appreciate that computing 

a similarity score (at step 74iby increasing the similarity 
score for each association betWeen a target primitive and an 
additive primitive and by decreasing the similarity score for 
each association betWeen a target primitive and a subtractive 
primitiveican be performed, according to a geometric 
hashing or a generaliZed Hough transform technique, by 
incrementing a counter for a reference parameter for each 
association betWeen a target primitive and an additive primi 
tive and decrementing a counter for a reference parameter 
for each association betWeen a target primitive and a sub 
tractive primitive. 
A person skilled in the art Will also appreciate that 

increasing or decreasing the similarity score by an amount 
determined by the Weight assigned to the model primitive 
can be performed, according to a geometric hashing or a 
generalized Hough transform technique, by incrementing or 
decrementing a counter for a reference parameter by an 
amount determined by the Weight assigned to the model 
primitive. 

In the geometric hashing method described in the afore 
mentioned patent application Ser. No. 09/978,000, for each 
association betWeen a target primitive and a model primi 
tive, a ?gure of merit indicative of a degree of correspon 
dence betWeen the target primitive and the model primitive 
is calculated, and an accumulator (for a reference parameter) 
is increased by an amount determined by the calculated 
?gure of merit. 
A person skilled in the art Will appreciate that determining 

a similarity score according to the present invention can be 
performed, according to the geometric hashing method of 
the aforementioned application, by increasing or decreasing 
the accumulator by an amount determined by the ?gure of 
merit. In the case of Weighted primitives, the ?gure of merit 
can be multiplied by a Weighting factor prior to adding it to 
or subtracting it from the accumulator. 

In a particular embodiment described in the aforemen 
tioned application, the target and model primitives are line 
segments, and the ?gure of merit is the length of the 
orthogonal projection onto the model primitive of the por 
tion of the target primitive lying Within an error corridor 
about the model primitive. This projection length is added to 
an accumulator for storing the total length of the orthogonal 
projections of the target primitives onto the model primitives 
(for a reference parameter). A similarity score is further 
determined as the ratio of the sum of orthogonal projections 
to the sum of the lengths of the model primitives. 
A person skilled in the art Will appreciate that determining 

a similarity score according to the present invention can be 
performed, according to the embodiment just described, by 
adding the projection length for each association betWeen a 
target primitive and an additive primitive, and subtracting 
the projection length for each association betWeen a target 
primitive and a subtractive primitive. In the case of Weighted 
primitives, the projection length can be multiplied by a 
Weighting factor prior to adding it to or subtracting it from 
the accumulator. 

FIGS. 7 and 8 together illustrate an example of pattern 
matching in accordance With an embodiment of the inven 
tion. 

FIG. 7 illustrates the model to be found in the target 
image; the model comprises additive primitives 92 and 










